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5 u m m a r y 

Determination of the Concent ra tion of Vapor Generated from 

Monomeric 4.4'-Diphenylmethane O iiso~yanate (MDI) by a 

Dynamic Method 

In t he report by Behlau and Brochhagen dated December 21, 1982 

to which r~ference is made, tests are described to determine 

the vapor concentration of monomeric MDI generated by bubbling 

air through a modified grade of monomeric MDI (Desmodur PF). The 

extrapolation of the data obtained at higher temperatures led 

to the conclusion that a conce~tration of monomeric MDI vapor 

of approx . 0.09 mg/m 3 could be rea~hed at 25°C. 

Additional tests have been made using a slightly mq~ified vapor 

generation equipment and by replacing the modified MDI grade by 

a pure mon~meric MDI in flake form (Desmodur 44 M). Dry nitrogen 

~as used as carrying agent; the sample volume ~as varied between 

60 - 600 1/h. 

T he t em p e r a t u r e s c h o s e n fa r t h e s e s t u d i e s we r e 2 0 ° C , 2 5 ° C , 3 5-o C , 4 0 ° C , 5 0 

60°C and 70°C. The analyti~al ~valuation of the MDI vapor concen­

tration was performed by hydrolysing the isocyanate in a mixture 

of sulfuric acid and dimethyl sulfoxide and by determining the 

( resulting amines using HPLC. In addition sever a l photometric 

determinations have been made using the Marcali principle. 

As the following table sho~s the average concentrations of MDI vapor 

were as follows: 

20 ° C 

25°C 

35°C 

40°C 

HPLC 

0.04 

0.09 

0.26 

0.5 
. l. 9 

4.7 

10.9 

; · 3 mg m 

mg/m 3 

mg/m 3 

mg/m 3 

mg/m 3 

mg/m 3 

mg / m3 

Photometry 

0.08 mg/m 3 

0.25 mg/m 3 

0.5 mg/m 3 

2.0 mg/m 3 

5 . 1 mg/m 3 

12. 5 mg / m3 
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~,.~ t is evident that the concent~ation which was d~termined at 

room temperature is in good correlation to the figure ~hich was 

obt3ined by eYtrapolation from the data as described _ in the 

Der.ember 21, 1982 report. 

Phenyl\socyanate was no t detectable in the batch of monomeric 

MDI. used for this study (g as chromatography, detection limit 

0.0002 ~). Thera ~as no indication at the various tem peratures that 

the concentration of phenylisocy~nate vapor exce~d~d 10 ~ o f the total 

isocyanate vapor (relativ~ detection limit 0.005 mg/m 3 for a sample 

volume of 1000 1 nitrogen). 

\ ' 
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Determination of the Concentration o 

Honomeric ' 4.4'-Dip~enylmethane Diisocyanate (MOl) by a 

@~~:tlamlc Me thad 

1. Introduction ------------
In connection ~ith the preparation of the long-term toxicity 

st udy of monomeric MDI it should be est~blished ~hether a 

saturated MOl vapor - free of _aerosols - could be obtained 

at room temperature. Since 40 m3/h of air having ambient 

relative humidity a nd temperature are to be introduced into 

the inhalation chamber it is _evident that this goal can only 

be achieved by generating a saturated MDT vapor at elevated 

( temperatu~es using dry nitrogen and diluting it ~ith humid air 

at normal temperature up to the necessary degree. Tr ials to 

generate vapor at elevated temperatures ~ere performed. In order 

to get an idea about the concentration obt~inable at room tem­

perature several tests were made also to generate MDI vapor 

b e 1 o ~J 4 0 ° C • 

2. Test Material 

The tP.sted mate~ial ~as Desmodur 44 M (monomeric MDI in flake 

form). The product had the follo~ing specification: 

Content of dipheny methane diisocyanate: 

Melt i..n g point: 

Cantent of 2.4'-MDI: 

- 99.5 ~ 

- 38.2°C 
' 3 . % 

For tpe generation and absorption of MDI vapor an apparatus 
~ 

~as u;ed as shown in figure 1. 

Dry nitrogen (< JO ppm o2 ) is obtainerl by cooling the nitrogen 

from the factory distribu t ion net in a trap (- 78°C); it is 

passed subsequently through a drying to~er filled ~ith blue gel 

and finally ~armed up to the ~ork i ng temperature by ~ heated 

coil condenser. 

To assure a better dispersion of the carrier gas the introductory 

at its spherical end. 
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The molten monomeric MOI .is mo 'Jed by a . magnetic stirrer during 

the introduction of ggs. The inlet tube plunges 2 - 3 em i n-t 0 

the liquid. In case of temperatures of 35°C and bela~ the nitr-ogen 

is bl0\1n through the MDI flakes ~hich · -ro still solid at these 

temperatures. The vapor leaves the g~nerat~r about 20 em above 

th" surface and iS! carried through a cond~nse·r (40 e-m in length) 

which i~ coupled to a filter, consisting of 1 or 2 glass frits 

(porosity G 3) embedded in ~ glass jacket. Condenser and filter 

serve to separate liquid drops if there are any. 

Behind the filter the nitrogen , containing the MDI vapor, is 

passed through a midget imping~r ~hiLh is filled nith an absorp­

tion solution described in para 5. 

A reflux conden ser is connected to this ~ype of nashing bottle. 

The total gas volume (sample volume) is measured by a gasmeter 

behind t he reflux condenser . This serves also to determine the 

flo~ rate. All units of the apparatus carrying vapor are jacketed 

and can be heated by thermostated ~ater. The ~orKi~g temperature 

is measured close to the filte~. 

200 g of Oesmodur 44 M are placed in the generator. Nitrogen is 

blown through the product at a d~fined temperature (20°C, 25°C, 

35°C, 40°C, 50°C, 60°C, 70°C). 

The flaw rate can be adjusted betvJeen 1 a..nd . 10 1/min ( 60 -

600 1/h); the time necessary fa L one experiment depends on the 

att~inable concentration and varies bet~een 0.5 and 15 h. Afler 

t h e " b u b b 1 i n g " h a s b e en f i n i s h e d t h e a b s o r p t i on so 1 u t i rJ n ~~ a s 

analyzed according to the follo~ing method. 

The hydroly~is of aromatic isocyanates to the appropriate amines 
. 11 k th d . . l . (l) 11 ft d' . t • 1s a ~e na~n me · o 1n a1r ana ys1s . ~ er 1azot1za 10n 

the a~ines are couple~ ~i~h suit&ble aromatic compounds and 

( determined photometrically as azo-dyes. These 1 ~ethods only record 

the total content of aroma•.ic amines and isocyanates and are not 

suitable to separate individual components: 
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Taking into account that the monomeric HOI ~onta i n s phenyl-. 

isocyanats (Phi) a~ impurity high performance liquid chromato­

graphy (HPLC) was chosen for the anal~tical determination. This 

method allows the separate determinat i on of these components 

in the test atmosphere in the form of the respective amines 

obtained by acidic saponif i cation, i.e. MOI as diaminodiphenyl­

methane (MOA), Phi as anili~ e. 

The absorption solution consists of concentrated sulfuric ac id 

and dimetnylsulfoxide (1 : 1 v/v, ~ bout 13 ml). After t he run 

the ~idget impinger is thoroughly rinsed ~ith distilled ~ater. 

The combined soiutions are rendered alkaline by adding NaOH and 

extracted three times ~ith 15 ml portions each of methylene 

chloride. The solvent is dried over sodium sulfate and transferred 

to a 50 ml volumetric flask which is completed to volume with 

methylene ch l oride. 

30 ~1 of this solut i on are applied to the HPLC column (005-

Hyoersil, 5 ~m, 15 em) and analyzed according to a gradient 

program. 

Figure Z sh o~s a typi c al c hromatogram. 

The evaluation is performe d by the method of external standard: 

A X F X 500~0 X 1.26 A X F 
c = = ZlOO X 

30 X V v 

c = concentration of MDI vapor in mg/m 3 

A = area units 

F - amount in ~g/area unit (response factor) 
~ · v = sam~le volume of nitrogen in 1 

1.26 ~ conversion factor (MOA to MDI) 

F depends on the a r ea corres ending to the amount of injected 

substance (Fig. 3). 

Control experiments ~ere performed photometrically (see 1, 

reference 39) using 2-naphtol as coupling agent. 
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Under our ~orking condition~ the ~alibration of this method 

led to the folla~inq correlation betweon absorbancy (A) and 

the amount of MDI: 

A (495 nm, 10 mm) x 18 = ~g MOl/sample volume 

(The general calibration factor F is 139', that is the absorbancy 

of 1 mg of MDI as azo-dye dissolved in 1 ml of ~entanol at 

1 em cell thickness.) 

The experimental data are listed in tables 1 and 2. The complete 

absorption of MDI in one ~ashing bottle ~as confirmed in pre-

( liminary experiments by using two combined bottles. The amount 

of MDI in the second bottle ~as found to be far less than 10 ~ 

of the amount in the first one. This is ~ithin the scope of 

experimental error. The investigation ~as performed at various 

flo~ rates and temperatures. 

6. Results 

Fr om tables 1 and 2 it can be seen that the concentration of 

MDI vapor does not depend on the flo~ rate bet~een 60 - 600 1/h. 

In accordance ~ith the results from BROCHHAGEN and BEHLAU(Z) it 

can be concluded that the nitrogen stream is saturated with MDI 

at all test conditions . 

It becomes further evident that th~ correlation of chromato­

graphic and photometric data is acceptable. Phenylisocyanate 

(via aniline) ~as never detectable (relative detection limit 

0.005 mg/m 3 fa~ 30 ~l of injection volume, 50 ml sample of 

solut~on, 1000 1 of nitrogen sample volume). 
~ 

< 

Hence the content of Phi in the isocyanate vapor at 20°C does 

not exceed 10 ~ of the MDI vapor concentration. At higher tem­

peratures the Phi/MOl ratio is even smailer. 

Figure 4 illustrates graphically the d~pendon~e of ' the MDI 

vapor concentration on the temperature. 
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( i In fi gu re 5 the ln C of MDI vapor is plotted against the 

recipr oc a l temperature. The correlation is practically lin~ar 

(co r relat io n factor r = 0.999). 

7 . Discussion ----------
. . 

The to t al amount of air to be i~troduced into the inhalation 

chamber for the toxicological study is approx. 40 m3/h. If 
3 one assum es that a maximum MDI v~por concentration ~f 0 . 05 mg/m 

can be achieved at ambient temperature a total amount of 2 mg of 

MDI vapor/h has to be introduced into the chamber. As sho~n by 
3 the study a MDI vapor concentration of approx. 5 mg/m can be 

expected at 60°C. If therefore 400 1 nitrogen, conta : ning MDI 

vapor generated at 60°C, are d i luted with approx. 40 m3 of air 

(ambient temperature a~d humidity) the aforementioned MDI concen­

tration of 0.05 mg/m 3 could Qe expected. 

It must be noted . that this calculation is theoretical and 

disregards a possible adso~ption/reaction of MDI vapor on 

surfaces of the chambers etc. 

The exact parameters for the vapor generation for the long­

term study ~ill be evaluated in a further investigation by 

CIVO. The technical concept has been described in the note 

by Or. rJ. Stieler of March 14, 1983. 

8. Literature 

(1) - Technical Information No. 5, Analysis of Isocyanates in Air, 

International Isocyanate Institute, In c ., 1982 

"-

( 2 ) 6r. F.K . Brochhagen, 01 F.G. Behlau, report December 21, 1982 



I 
.J. . : . I -· I .. ; ·-1 _ --~ - . I . . .. 

; j I 
. . ~ - ., . -I --I -J . . ·-· 

. , .. -:· ·I·· ..... . I . -. - ., . ,. . 

. .. .. I .. . .. -
• ' " . i " f " . " ~.J ... ' 
. .. , . ~ ··· ! ·- I .. : 

. ' I -~ - 1 . . 

-~- ·. : · . j- ··1 >: I . -, -- j· . , ... . 
1 .. . . . 
: I ' ~ - • 

-- . ~- . , r · ·· · -. ! · ... . .. 

.2 . . 3 
I .l i I ·l· I 

I ' : . . , ! I 
. . . I ., 
.j I : ! i ~ 

: I I I 

' 

' . I 

I ; i 
' I 

I I 
... -·· ; ..... 

. . .. -

.I : 
I I ! 

f i g. 1 ~ - · .. ·. I I f . : . 

-j" -f!_f}j "J ll -.; H -b ' .,II~ -r- t· -1 lloCII) -+I . ' . . : "' . 

-~B--~~ ~ lHt! j :;~ -- -1- . .... r 
: ---- . -. 

·. rJ 
.. - I I 

I· ; 
. 
I . I 
i ; 
I . 
• i 

~ ~ 

I· i 
1 .. 1 

t . u i . l ; .. 

. . . I I . : . . . ·I : 
I I I 5 1 l 1--- I - ' -· . I I -l ---·- ·-· ! .. . 'l I I I ' , . . . • . 

r .. • - ~ ! ' 1 I 1 
. , .. . I I . · - : .. .. _ ' . I 1 

I · t · 
·-~- - - J -- -,-! .. ~ . -- r- I I ~ ~t '"jr-__ lt1_.1_ t.-J.-·j ·i i _,7_{_ -~ - - --~ · ~ -. :--: " -++- ll l -r ' 1 1 r ' . 
. "" + .=1 . . L I .1 I ... ' .. ~ " • - 1"'1" 1+ +1-:-LJ-1 -U Tt+J-tlt ;- . ~ !J t·f-1 

, I i I I I 

-T~·~ · 
... .. --·· r I . .. .. , · r l . 

1 

.. . .. _ 

· j ; f' -·h. <j ;. 1 

I 

I 

: : ; ; ~ - ; ...f 

Apparatus for the determination 
of vapor 

1 gas intake 

2 cooling trap 

3 d r y i n g t o ~J e r 

4 heated coil condcn~er 

5 heated condenser 

6 g 1 ass b a 11 s t-<t ... ' 11 ,.-...~ #,) 
( 
~- J • ~ . 3 

7 glass frits I) 1 ' 

8 ~ashi~g bottle 

9 to gasmeter 

. I • 1 : t" -

I 
I 

·-·- . ·- ·-~-

-· .. . _·_t_ __ . 

· - - • · ·r t · - .. . 



( 

STAR.T 

4. 12 

6.39 

13.49 

( 

fig. 2 

inpurify of CH4c12 

aniline : n.d. 

4 4:.. MOA 
I 

t • 

19.44 
I 

24-MOA , . . 
; 

8TL: 3U 
ID:t9.B5.83-33 
NORI'1 FILE 1 

RT 

12!.96 
1.62 
t.76 
2.t13 
4.12 

16.46 
19.44 

EXP RT 

15.71 
19.44 

APEA 

819 
t.;ta 
2 ~?72 
11!!24 

t2t3B 
36~799 

7642 
R 

T : SO oc 
v : 1.19] l 

t : 1.9 h 

~RI_ • A,..T 

~ - ~~? 

" .• :U~~ 
C1 . 11j711\ 

C1. -~~~ 

:J.a7~ 
t 92.6tt 
3 ~.8-si" 



I · I I 

·. 
I I I 

• . ' '' ' I ' 

..... .. j ..... . .... .. .. .... .. ... . . .. .. . .. .. .. . . · .. .. I .. . , · I .. •· 

••• • • 0 •• • f ' . 

I ' ... ... . .. ....... . .. 

. . . . : . .. ... I .. 
~ .. ~- ~·~· ~- ~~~ .. ~·~~~~~~~.-L~ .. --~~4-~ .. -. ~-+~~~ .. ~~ .. -r~ .. ~. T-

.. .. . . ... 

r:-:·: ' .. 1: ·:: .· :::.: ·:: . :·:: .. . .. :: .. : ·: ·:· . . ::::.1 .-: .. 
~ ....... .... ........ ..... ; .: .. · : . . ,. ... . :· . ... ! " 
.... • • •• • •• 0 • • t • • • • . • • , • • • • • 0 - ~ . • •• ; • • • ••• t 

..... .. , ..... 

.. 
. .. . .. 

. · · t 

.. , 

... f-.:-+ -~-:-:--4-~-+ 
, . . 0 . l 

·· •·· .. 
.. . . . 1' . . ... 

· I 

. . I . 
-~ ... :....: .. _· -·4·-=-·-·..:. .. _._--l,· -1----_-_-+~--;...-.J+-_-~---~-· _·-· ·;·~;~~~~:;~~~~;:~~~_:-+--~---t"l----~...f,ti/1~~~~--~~-:---_-:--'"1+_-_-_--t-+ 
~ .. ~-~~~~·~· ~r·~· ~: -+--r~~~~ .. ~~-;~-t-·~--~1. -··-~. ~~-: ~~~--~--+ ~ .. :. : ~ . . 

. • :. : · .: · . . : . . : · •· · I • · 
• • • ~ • • t • . • • • • • • ! 

~: : ~ : .. : -:~ ~ ! · .: : ·l .. :.:J: :· :i· : :: :r .. .. . ' · : . ;. ·/ 
_..:.·.;.;. .. ;.;.··-+-·__,;-l-:: · ,:: . . :: 1 .. · ·: ·: . · . :· . ·::7: : .:. · ~- ... . T-: 0- ... : r.· • 

:· :· 1:· :· :: j ... · .. ,.. . ·:: r· · · I ·.I . . .: : : r +---1-,_.._..:....+-...;...-+-~-t-
.... 1 ...... ... .... . . :·· _:::!::.: .:::!.. . ·::r :: .. :::.. : .. ' ... I ::; ... ·::::.. . .. 

• • • • • • • • . . . • f . • • • • ~ ' 0 • • • • • ' • • • • • • • • • 0 •• 0 • t 

I. 

~~~~ - ·~: :: : ~ i .. 
... - ..... ~j .:: ::.=:::::. :·: :j:':: ::::!:· :: :: ::): ... :: .::.:: :·::r l :.::::· :: .:: :r .: :·:::: .. 

- .... , .... ... . ! .... .... .... ~,. · .. ·r· · ... . 1·//1 : .. · . ·: .. , .... ::::
1
:: · : · ::::.: ....... i ... .. .. , ..... .. . ' ... . . .. ,. . . : ·--.. '=l __ .. __ 

·---· -· . . ..... . Ln I 
.. . . .. .. . .. 
... ... - . " "i .. .... . ... .... . 

0') 
·: . 
I . .. ·· :. 

.. . . 

.. 
' ~ } 

"i :::::·f ::.! · .. :j .. . :: . 11 

I 
v 

·;:::: TE~~ f::y:: ;:~T . ~ ._,_.___._ ·. : / I 

I 
-- :. . ·--/ .. " . · --~ -• . • • :·· : .··· ··:. ; . • t . ·. : •. 

. : : . .. ::·: ::. ·· : .. ! .. : :·:: : : · : .· ! : 

I o oo o o•' '' • t •' I ' ' o [7 · 
. , . . .. , .. ... I • . "!• • · . • 

:: ·. ::: ;:· . :: :i :: ·: ::: ::: · .. :T . .; / : 

. . ' 

.. ::· .: :·:·;. :· :: :. !.... ...... ·· T" · "I· /. -·- l .. . . .. :: . .: : .. ..!--V. : 
.. , ... 

... . . . ·· ·.·· .. ... . 
•• ... . ... • • •• •••• •• • • ••• •• 0 • • • • • • • • 

. ., .. .. , . 
. .... .. . I .. . ' . I .. . j 

' I . .. 
I. 

.. . .. 

. 
I 

i' . 

.. 

.. ... . ... 
! : . . . . ! . I . 

.. _ ... - · ·-- · ~~- - ___ ,___;._ 
: : : I . 

: : : 

.. . ., . .. , 
. i 

• I 

. ·:r. .. . . ·I· 
~~~---4~~~.-- ~.~~ .. ~~:·~:.-r~. ~. ~.-.~~,--~ .. ~::-+~~r~ .. ~~~+-~:~--~~.-. ~~-.. --~ 

.. . . ·• .. !:: . ·'· • :··; ' i · · I : . 

· :: j: ... ·:1 : ... :!. . :s. .. I . . ! ! . .. . . 

::.:::·:·: ::::::::: :::::::.: : :·~: :· :· ·::!:::: .~:·:r·:: · : -:··::· : ::::r:.:· :::.!::: ·: .. :1: ·: ::::::· . ·::. :::. :·: ·: .. r .. 
-·-·- · 1-"r· .......... ... , ............. .... ..... .. , ..... -+-·· .. .. ,, ... , .... , . .. " "I" .:: I' .: ::•,· ::. :.::!::: - · . ... -.. ... ...... ....... .. ········ . , \ , , , , , ······ ····•· ··· ······ ·· ····· ·· · · 
:.: -·~ :·: .: :::: ,: : .. :::+: .. :. :: :. ·:: ·::.1 ·. . I · .. .. r. ... ... ... .. .. ... .. . ,.. , .: j .. ..... , .. . .. ·I· 
... , .. ... . .. ,.. .. .. .. . . . .. , .. .. . T .. .. I 

":'Jj• . ".i . ·. 
. ~ . . I. . . 

Cbo N 

, . 
I 

. ·I· 
!' , . . 

• • , • •• •• • 0 ..... .. ....... . ..... . ···- .. . 

. ·•· ·· · 

o--+ 
I 

I 



fig. 4 
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(de.ta obtained by HPLC) 

c--:,.,.oc Sample V·olume Flow Rate concentration o~ .... 
(1") (1/h) MDI Vapour 

~mgLm32 

20 1661 104 0.062 
1890 540 0.01.9 

ar.mean 0.04 (lnC• -3.22) 
25 8510 540 0.045 

8120 522 0 . 040 
7180 456• 0 . 076 
8670 534 0.116 

12503 468 0.120 
7290 474 0.14 

ar.mean 0.09 (lnC:oo-2.41) 
35 1420 642 0.171 

2110 558 0.279 
2110 540 0.340 

ar.mean 0 . 26· • ( 1 n C = - 1 • 3 4 ) 
40 197 60 0.57 

90 72 0~85 
130 132 0.58 
330 180 0.69 
270 270 0.48 
250 336 0.57 
330 396 0 . 35 
460 462 0.46 
460 462 0.43 
330 660 0.45 
660 660 0.45 
560 780 0.56 
750 804 0.44 

ar.mean 0.53 (lnC=-0.63) 
50 139 60 2.05 

200 132 2.28 
220 186 ' 1. 81 
270 228 ;~. 10 
330 276 1. 90 
460 354 2.06 
480 408 1. 75 

, 432 498 1. 73 
607 606 2.01 

11 1-+0 558 1.55 
1150 606 1. 86 

ar.mean 1. 92 (lnC~9 .: 65) 
60 130 50 4.40 

.... 70 72 (6.35) 
' 170 132 4.60 

415 210 4.19 
190 306 4.51 
480 372 3.90 
180 402 4.77 
990 540 5.78 
600 600 5.35 

ar.mean .4. 69 (lnC=1.55) 

( 
70 250 '102 11.34 

320 486 10.62 
1000 498 11.29 

500 600 10.35 
ar.mean 10.88 (lnC =2.39 ) 



' . 
c:.~:t"able 2 ~data obtained b~ Ehotomet~2 

::~~:· 

T°C Sample Volume Flow Rate concentratic.m. o:f 
(1) . (1/h) MDI Vapour 

(mgLm32 

25 2980 187 0.091 
_3430 205 0.070 

ar.mean 0.08 (lnC=-2.51) 

35 850 234 (0~68) 
560 263 0.30 
900 262 0.25 
670 349 o. 21 

ar.mean 0.25 (lnC=-1.39) 
40 400 161 0.42 

650 183 0.58 
ar.mean 0.50 (lnC=-0.69) 

50 130 98 1.94 
( 230 108 2.10 

ar.mean 2.02 (lnC=0.70) 
60 70 121 5.02 

75 104 5.09 
ar.mean 5.06 ( lnC = ·1 • 6 2 ) 

70 20 71 14.2 
21 78 (17 , 3) 
21 60 12.4 
25 78 11.4 
23 77 12.0 

ar. mean 12.5 (lnC=2.53) 
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